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Abstract

This study was conducted to find out the optimum plantlet type and
transplanting time on plant growth and mini-tuber formation of potato in
aeroponics system. Acclimation plantlet, 1st, 2nd, 3rd, 4th stem cuttings, and
non-rooted stem cutting, 15, 25, 35 days-old stem cuttings(DOS) were utilized
in aeroponics system to find out the optimum plantlet type. And stem cutting
were transplanted on Mar. 7, Mar. 14, Mar. 21 and Mar. 28 in spring
acroponics cultivation and on Aug. 31, Sep. 7, Sep. 14 and Sep. 21 in autumn

acroponics cultivation to determine optimum transplanting time.

Among the stem cutting plantlets and acclimation plantlet, the longer stem
length was recorded from the 2nd, 3rd stem cuttings in spring cultivation, and
similar results were shown in autumn cultivation also. Number of stolons were highest
in acclimation plantlet, and showed the tendency to decrease gradually with
cutting times. Number of tubers above 3g were similar in acclimation plantlet,
Ist and 2nd stem cuttings, and were less in 3rd, 4th stem cuttings than
another treatments in spring cultivation, and it was highest in acclimation
plantlet and showed the tendency to decrease gradually with cutting times in
autumn cultivation. Weight of tubers above 3g was not difference among
acclimation plantlet, 1st, 2nd and 3rd stem cuttings in spring cultivation, and
no difference among 1st, 2nd and 3rd stem cuttings in autumn cultivation

The stem length of non-rooted stem cutting and days-old stem cuttings
showed a vigorous tendency in spring and autumn cultivations, as the stem
cutting age is longer. The highest number of 1st stolons were recorded from
the non-rooted stem cutting in spring and autumn cultivations, and showed

the tendency to increase as the stem cutting age is longer. Number of Znd



stolons were not difference among the non-rooted stem and 25, 35 days-—old
stem cuttings in spring cultivation, and it was highest in non-rooted stem
cutting in autumn cultivation. Number of tubers above 3g were similar in 25,
35 days-old stem cuttings, and it was less in non-rooted stem cutting and 15
days—old stem cutting than another treatments in spring and autumn cultivations.
Weight of tubers above 3g was shown a similar tendency to number of tubers

above 3g in spring and autumn cultivation.

The stem length was increased in spring cultivation as delaying the
transplanting time. Number of 1st stolons were highest on Mar. 21. Number.
of 2nd stolons were higher on Mar. 21 and Mar. 28 than on Mar. 7 and
Mar. 14. Numbers of tubers above 3g was highest on Mar. 21. Weight of
tubers above 3g was not difference among Mar. 14, Mar. 21 and Mar. 28
and the lowest was recorded on Mar. 7.

The stem length was reduced in autumn cultivation as delaying the
transplanting time. Number of 1st stolons were highest on Sep. 21. Number
of 2nd stolons were highest on Sep. 14. Number of tubers above 3g were
increased as delaying the transplanting time. The weight of tubers above 3g
was not changed with the transplanting time.

There were significant positive correlation among the agronomic traits
except stem length and number of 1st stolons in spring cultivation. The stem
length showed a significant negative correlation with the number of tubers
and a significant positive correlation with the weight of tubers in autumn

cultivation.
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Fig. 1. Plantlets steps production of from tissue cultured plant to stem cutting.
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Number of Propagation Required
seedling multiple Num. of days
Meristem . ( N\ ( kY i )
Solid culture 1 1 60
O
Solid culture 1 5 30
O
Solid culture 5 5 20
O
Solid culture 25 30 90
Masspro- Al
pagation PO
iy Liquid culture 750 1 15
culture
1 4
Liquid culture 750 1 15
Al
Liguid culture 750 1 10
h'd
Solid culture 750 4 30
A g
Acclimation 3,000 1 20
seedling "
O
First 3,000
Stem cutting
O
Second
Stem cutting o 6l
O
Third 24,000 1 25
Stem cutting k. g & o R 4

Fig. 2. Required number of days and propagation multiple from tissue cultured
plant to third-stem cutting.
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Table 1. Stock solution composition in aeroponics systerr.

Concentration

Concentration

(mg-L7H

Fertilizer

(mg-L™H)

Fertilizer

1.4

H5BOs

405

KNO;

0.1

ZHSO4 : 4H20

475

Ca(N03) : 4H20

1.0

MHSO4' 4H20

775

NHH-PO,

0.04

CusS 04 . 5H20

250

Mg 504 . 7H20

0.01

(NH4)6MH7024' 4H20

11

Fe-EDTA
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Table 2. EC concentration according to growth stages in aeroponics system.

Growth stage DAT? EC concentration

1-5 0.20
Root formation 6-10 0.88
11-15 1.22
16-24 1.32

Stolon—occurence
25-35 1.20
Tuber-initiation 36—45 0.66
Tuber—enlargememt 46-90 0.73

Z Days after transplanting.
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Table 3. Characteristics of plantlets used for this experiment.

Spring cultivation Autumn cultivation

Plantlet type Length No. of Length No. of

(cm) nodes (cm) nodes

Acclimation plantlet 11.7a° 6.2a 14.2a 7'7a
First-stem cutting 10.5ab 5.1b 13.3ab 6.1b
Second-stem cutting 9.7b 4.0c 12.6b 4.6¢
Third-stem cutting 9.7b 4.0c 12.8b 4.5¢
Fourth-stem cutting 9.91b 4.2¢ 12.3b 4.2¢

* Means separation within columns by Duncan’s multiple range test at 5% level.

Fig. 3. Stem cutting plantlets and acclimation plantlet at transplanting time. A-P,
Addimetion platlet; 1st=S, First-stem cutting; 2nd=S, Second-stem cutting;

3rd-S, Third-stem cutting; 4th-S, Fourth-setem cutting.
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Fig. 4. Changes of stem lengths of stem cutting plantlets and acclimation plantlet in
spring aeroporics cultivation. Vertical bars indicate the standard errors.

30 - == Acclimation plantlet

Stem length{cm)

== First-stem cutting

20 - 1 == Second-stem cutting
’ === Third-stme cutting
10 = === Fourth-stem cutting
{. T T T T T

Sep-30 Cct-07 Cct-14 Cct-21 COct-28 Mov-04
Date

Fig. 5. Changes of stem lengths of stem cutting plantlets and acclimation plantlet in
autunm aeroporics cultivation. Vertical bars indicate the standard errors.
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Table 4. Shoot growth characteristics of stem cutting plantlets and acclimation

plantlet in spring aeroponics cultivation.

Stem No. of Stem Fresh
Plantlet type length nodes diameter weight
(cm) (mm) (g/plant)
Acclimation plantlet 32.7¢7 12.5a 59a 66.4c
First-stem cutting 33.7c 12.0a 6.0a 68.7bc
Second-stem cutting 39.7a 12.6a 6.3a 80.0a
Third-stem cutting 39.8a 12.4a 6.3a 7{.5ab
Fourth—stem cutting 35.9b 12.1a 6.4a 76.3ab

* Means separation within columns by Duncan’s multiple range test at 5% level.

Table 5. Root growth characteristics of stem cutting plantlets and acclimation

plantlet in spring aeroponics cultivation.

Stolon Fresh No. of No. of
Plantlet type length weight

(cm) (g/plant) Ist-stolons Z2nd-stolons
Acclimation plantlet 45.9a” 19.7ab 8.la 3M.4a
First-stem cutting 43.2a 16.6b 6.4b 28.0b
Second-stem cutting 46.0a 21.5a 4.9h 21.9¢
Third-stem cutting 47.8a 25.0a 4.8b 19.6¢cd
Fourth—stem cutting 46.1a 24.0a 4.9h 17.7d

* Means separation within columns by Duncan’s multiple range test at 5% level.
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Table 6. Shoot growth characteristics of stem cutting plantlets and acclimation

plantlet in autumn aeroponics cultivation.

Stem No. of Stem Fresh

Plantlet type length nodes diameter weight

(cm) (mm) (g/plant)
Acclimation plantlet bR.7a” 15.6a 6.4a 65.9a
First-stem cutting 58.9a 14.5b 6.6a 76.4a
Second-stem cutting 56.8a 14.5b 6.ba 73.7a
Third-stem cutting b&.7a 15.5a 6.9a 79.4a
Fourth—stem cutting b55.7a 14.2b 6.4a 69.4a

* Means separation within columns by Duncan’s multiple range test at 5% level.

Table 7. Root growth characteristics of stem cutting plantlets and acclimation

plantlet in autumn aeroponics cultivation.

Stolon Fresh No. of No. of
Plantlet type length weight

(cm) (g/plant) 1st-stolon Znd-stolon
Acclimation plantlet 48.5a” 119a 8.la 38.2a
First-stem cutting 49.1a 16.0a 6.0b 24.5b
Second-stem cutting 50.8a 15.5a 3.8¢ 14.1¢
Third-stem cutting 47 9a 15.7a 3.7c 13.1c
Fourth—stem cutting 46.0a 13.2a 2.8d 9.6¢

* Means separation within columns by Duncan’s multiple range test at 5% level.
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Fig. 7. Distribution of tuber size of — stem  cutting  plantlets and acclimation
plantlet in autumn aeroponics cultivation. A-P, Acclimation plantlet;
1st=S, First—stem cutting; 2nd-S, Second-stem cutting; 3rd=S, Third-stem cutting;

4th-S, Fourth—stem cutting.
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Table 10. Characteristics of plantlet quality used for this experiment.

Spring cultivation Autumn cultivation
Plantlet t
antiet type Length No. of Length No. of
(cm) nodes (cm) nodes
Non-rooted stem
) 10.2¢Y 3.8¢c 13.7b 5.5b
cutting
15 DOS? cutting 7.6d 3.7c 8.0c 4.3c
25 DOS cutting 14.0b 5.3b 15.5b 5.3bc
35 DOS cutting 18.3a 7.2a 20.8a 6.8a

Z Days-old stem.

¥ Means separation within columns by Duncan’s multiple range test at 5% level.
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Fig. 9. Plantlets of days old stem (DOS) cuttings and non-rooted stem cutting

at transplanting time.
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Fig. 10. Changes of stemn length of days-dd stem (D05 auttings ard nonrrooted stem cutting
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Fig. 11. Changes of stem length of days—odld stem (D05 auttings and nonrrooted stem cutting  in
auturm aeroponics cultivation. Vertical bars indicate the standard errors.
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Table 11. Shoot growth characteristics of days—old stem cuttings and nonrooted  stem

cutting in spring aeroponics cultivation.

Stem N ; Stem Fresh
0. 0
Plantlet type length diameter weight
nodes
(cm) (mm) (g/plant)
Non-rooted stem
) 30.2¢” 12.7a 5.5b 67.2b
cutting
15 DOS? cutting 28.5¢ 12.0a 5.7b 73.7ab
25 DOS cutting 34.0b 12.5a 6.2a 76.7a
35 DOS cutting 37.9a 11.9a 6.6a 81.8a

? Days-old stem cutting.

¥ Means separation within columns by Duncan’s multiple range test at 5% level.
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Table 12. Root growth characteristics of days—old stem cuttings and
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Table 13. Shoot growth characteristics of days—old stem cuttings ad nonrrooted  stem

cutting in autumn aeroponics cultivatior.

Stem No. of Stem Fresh
Plantlet type length diameter weight
(cm) nodes (mm) (g/plant)
Non-rooted stem
_ 51.2b" 13.2b 6.50a 84.8¢
cutting
15 DOS? cutting 53.3b 14.1a 6.6a 94.1b
25 DOS cutting b&.2a 14.4a 6.9a 99.2a
35 DOS cutting 57.6a 14.0a 6.9a 96.3ab

Z Days-old stem cutting.

¥ Means separation within columns by Duncan’s multiple range test at 5% level.

Table 14. Root growth characteristics of days—old stem cuttings and nonrrooted stem

cutting in autumn aeroponics cultivatior.

Stolon Fresh

Plantlet No. of No. of
) length weight . .
C st_ nd_
vD (cm) (o/plant) 1" -Stolons 2"°=Stolons
Non-rooted stem
) 45.4¢" 11.8¢ 47a 17.7a
cutting
15 DOS? cutting 47.0bc 13.4bc 4.0c 12.9h
25 DOS cutting h2.ba 15.6ah 4.1hc 14.6h
35 DOS cutting 50.3ab 16.9a 4.4ab 13.9h

Z Days-old stem cutting.

¥ Means separation within columns by Duncan’s multiple range test at 5% level.
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Table 17. Comparative management analysis of stem cutting compare to acclimation plantlet.

(won/1,000m’)
Lost element Profitable element
O Additional cost O Decreased cost
- Wage(harvest, selection) : 120,000 - Production cost of plantlet : 1,760,000
60,000won x 2 person = 120,000 176won x 10,000plantlet = 1,760,000
- Box cost 336,000 O increased production : 2,240,000
1,200won x 28bhox = 336,000 - 140kg x 16,000won/kg = 2,240,000
Total(B) 456,000 Total(A) 4,000,000

A-B = 3,544,000
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Table 19. Sum of average temperatures and hours of sunshine according to

transplanting time in spring cultivation, 2013-2014.

Transplanting Meterological
) X1 X2 X3 X4
time factors
Sum of average temperatures('C) 552 181 984 1,717
Mar. 7
Sum of sunshine hours 230 54 331 615
Sum of average temperatures(’C) 573 196 1013 1,782
Mar. 14
Sum of sunshine hours 223 59 321 603
Sum of average temperatures(C) 602 224 1043 1,369
Mar. 21
Sum of sunshine hours 225 80 295 600
Sum of average temperatures(C) 636 209 1053 1,398
Mar. 28
Sum of sunshine hours 227 91 265 583
z X1, Transplanting to stolon—occurence; X2, Tuber-initiation;
X3, Tuber—enlargement; X4, Transplanting to harvesing.
Table 20. Sum of average temperatures and hours of sunshine according to
transplanting time In autumn cultivation, 2012-2013.
Transplanting Meterological
) X1 X2 X3 X4
time factors
Sum of average temperatures(C) 922 214 673 1,809
Aug. 31
Sum of sunshine hours 238 76 259 573
Sum of average temperatures( C) 879 191 631 1,701
Sep. 7
Sum of sunshine hours 245 80 234 559
Sum of average temperatures(C) ]18 173 466 1456
Sep. 14
Sum of sunshine hours 207 69 214 540
Sum of average temperatures(C) 747 161 390 1,298
Sep. 21
Sum of sunshine hours 259 62 141 461

z X1, Transplanting to stolon-occurence;

X3, Tuber—enlargement; X4, Transplanting to harvesing.
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X2, Tuber-initiation;
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Fig. 17. Changes of stem length according to transplanting time in spring

acroponics cultivation, 2013-2014.
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Table 21. Shoot growth characteristics according to transplanting time in spring

acroponics cultivation, 2013-2014.

) Stem Stem Fresh
Transplanting No. of ] ]
) length diameter weight
time nodes

(cm) (mm) (g/plant)

Mar. 7 41.6¢* 11.5b 6.5a 57.8b
Mar. 14 42.6¢ 12.5a 6.9a 76.7a
Mar. 21 50.1b 12.4a 7.1a 88.3a
Mar. 28 bb.ba 12.5a 7.2a 89.2a

* Means separation within columns by Duncan’s multiple range test at 5% level.
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Table 22. Root growth characteristics according to transplanting time in spring

acroponics cultivation, 2013-2014.

Transplanting 1St01($ Fr(.esllllt No. of No. of
time eng welg 1¥-Stolons 2_Stolons
(cm) (g/plant)
Mar. 7 45.1d” 16.9d 41d 17.9b
Mar. 14 54.8c 22.3c 5.7b 20.1b
Mar. 21 59.3b 279a 6.7a 33.5a
Mar. 28 61.6a 24.4b 5.1c 34.4a

? Means separation within columns by Duncan’s multiple range test at 5% level.

7HS AEl Al A A|71E AR S EAL Table 233 #Zvl AEE AHe
42.0-614cn= A23HE Al7I7F 285E fgAadtes Adgor B Agulel gE s

ugleh. ofe AASHE AVI7F MBS JRPP)9) Lmsh Bk, D] 29

Table 23. Shoot growth characteristics according to transplanting time in autumn

acroponics cultivation, 2012-2013.

. Stem Stem Fresh
Transplanting No. of . .

time length nodes diameter weight
(cm) (mm) (g/plant)

Aug. 31 61.45° 13.7a 6.9a 84.9a
Sep. 7 51.9b 14.0a 59a 76.6a
Sep. 14 41.9¢ 12.3b 6.3a 68.2a
Sep. 21 42.0c 12.0b 6.3a 67.7a

* Means separation within columns by Duncan’s multiple range test at 5% level.
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Table 24. Root growth characteristics according to transplanting time in autumn

acroponics cultivation, 2012-2013.

Stolon Fresh

Transplanting ) No. of No. of
. length weight 1-Ste] 5_Sto]
ime (em) (/plant) olons olons

Aug. 31 54.0a” 14.7a 3.9¢c 14.4b
Sep. 7 52.0a 129a 3.2d 11.3¢
Sep. 14 52.2a 13.2a 4.3b 17.8a
Sep. 21 47.7b 10.2a 4.8a 16.9ab

* Means separation within columns by Duncan’s multiple range test at 5% level.
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Fig. 20. Distribution of tuber size according to transplanting time in autumn

acroponics cultivation, 2012-2013.
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Fig. 21. Mini—tuber at greening treatment and after greening treatment.
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Table 33. Significant regression equations with coefficients of transplanting time

and agronomic traits in spring aeroponics cultivation.

Variables Regression equations R?
Stem length(cm) Y *=40.333+0.273X+0.197X" 0.92
Stem diameter(mn) Y *=6.422+0.080X-0.002X> 0.48
No. of nodes Y =11.465+0.140X-0.004X* 0.69
Top fresh weight(g) Y **=54.09+3.632X-0.092X> 0.80
Stolon length(cm) Y *=43.721+1.638X-0.038X" 0.88
Root weight(g) Y *=14.996+1.448X-0.045X" 0.88
No. of 1*-stolons Y*=3.621+0.427X-0.016X" 0.87
No. of 2™-stolons Y *=15.673+1.045X-0.006X" 0.80
No. of total tubers Y **=13.262+0.689X-0.016X" 0.74
No. of total tubers(> 3g) Y **=9.137+0.545X-0.017X> 0.64
Weight of total tubers Y **=126.930+6.810X-0.232X> 0.65
Weight of total tubers(> 3g) Y*=122.736+6.320X-0.220X> 0.61
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aeroponics cultivation, 2013-2014.
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Table 34. Significant regression equations with coefficients of transplanting time

and agronomic traits in autumn aeroponics cultivation.

Variables Regression equations R?
Stem length(cm) Y =64.041-2.117X+0.050X* 0.97
No. of nodes Y **=13.926-0.031X-0.003X" 0.80
Stolon length(cm) Y *=53.598+0.030X -0.013X" 0.61
Root weight(g) Y=14.965-0.192X 0.44
No. of 1*-stolons Y **=3.906-0.096X+0.006X> 0.76
No. of total tubers Y*=7.792+0.371X 0.89
No. of total tubers(> 3g) Y*=4.570+0.137X 0.81
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Table 35. Effect of meterological factors on vield traits at different growth

stages in spring cultivation, 2013-2014.

] ) Meterological
Yield traits X1? X2 X3
factors
Sum of average B
No. of total temperatures 0. 79 090
tubers(> 3g) Sum of sunshine _ B
hours 0.35 0.84x%
Sum of average _ _ 057+
Average tuber temperatures )
weilght Sum of sunshine _ 3
hours 0.65%

z X1, Transplanting to stolon—occurence; X2, Tuber-initiation;
X3, Tuber—enlargement.
* 6 1 Significant at the 5% and 196 levels, respectively.
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Table 36. Effect of meterological factors on vield traits at different growth

stages in autumn cultivation, 2012-2013.

] ) Meterological
Yield traits X1? X2 X3
factors
Sum of average B _
No. of total temperatures Q.94 085
tubers(> 3g) Sum of sunshine B _ _
hours 0.94 5 0.93%*
Sum of average B B
Average tuber temperatures 0.9
weight Sum of sunshine _ _
hours 0.92

z X1, Transplanting to stolon—occurence; X2, Tuber-initiation;
X3, Tuber—enlargement.

* 6 1 Significant at the 5% and 196 levels, respectively.
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